Abdominal pain and weight loss may be presenting symptoms in more than 60% of patients before diagnosis, whereas perineal fistulas are present in 10% of patients at the time of diagnosis [2] . Other symptoms include low-grade fever and anorexia. Deficiency of intestinal lactase sometimes leads to lactose intolerance and ileal disease, leading to vitamin B 12 deficiency. Rectal bleeding as a presenting symptom of Crohn disease is uncommon compared with ulcerative colitis because most cases of Crohn disease in the early stages do not have rectosigmoid involvement.
With the increasing severity of Crohn disease, there is luminal narrowing of the affected segment. The thickened edematous bowel also becomes aperistaltic, leading to obstructive symptoms. Adhesions within the mesentery and adjacent loops create further mechanical obstruction. Transmural fissuring and ulceration of the bowel may lead to extramural abscesses or fistulas. Pediatric patients may commonly present with systemic and extraintestinal symptoms rather than gastrointestinal symptoms. Iron-deficiency anemia, eating disorders, growth failure, and delayed puberty may be presenting features. Isolated gastroduodenal disease is seen more commonly in children than adults and has been reported in 30-62% of pediatric patients on endoscopy. Jejunal disease is also more common in children compared with adults [3] . In elderly individuals, Crohn disease afflicts women more frequently than men and disease involvement is more often isolated to the colon.
MR Enterography of Crohn
Disease: Part 1, Rationale, Technique, and Pitfalls C rohn disease is a chronic inflammatory disease of the gastrointestinal tract that runs an indolent course consisting of inflammatory exacerbation and regression. Frequent imaging examinations for monitoring disease activity and severity may be needed to achieve appropriate medical or surgical treatment. In recent years MRI has emerged as an important radiologic tool in the diagnosis and follow-up of Crohn disease. Its absence of ionizing radiation and high accuracy in detecting mural and extramural changes make MRI ideally suited for imaging patients with Crohn disease.
Although the precise cause of Crohn disease is unknown, there is evidence that the disease is due to an abnormal mucosal response to an unknown antigen [1] . Genetic factors may also be responsible because up to 5% of patients with Crohn disease have another family member affected by the disease. Patients may present after years of vague abdominal symptoms or complications such as perineal sinuses, anorectal fistulas, or abscesses. Cramping pain, often in the right lower quadrant, with frequent watery diarrhea is common. The diarrhea characterized by watery stools is caused in part by excessive secretion of fluid into a dilated loop proximal to an obstruction; loss of absorptive mucosal surface; and diseased terminal ileum, which prevents the absorption of bile salts. Chronic diarrhea is the most common presenting symptom and may be defined as a decrease in fecal consistency for more than 6 weeks as opposed to self-limited infectious diarrhea.
Imaging Gastrointestinal Tract Torsions

MR Enterography
Traditionally, radiologic imaging of the small bowel relied on barium examinations or CT. However, with these investigations, the possible cumulative radiation dosage can be an adverse effect because young patients with inflammatory bowel disease may undergo several imaging examinations during the disease process. Therefore, a nonionizing investigative modality may benefit these patients.
In recent years MRI has emerged as an imaging modality that can be used in the assessment and diagnosis of Crohn disease [4] [5] [6] [7] [8] [9] [10] . The advantages of MRI include its lack of ionizing radiation and high tissue contrast resolution. The other strengths of MRI are its ability to provide accurate anatomic detail; depict extraintestinal abnormalities; and facilitate distinction between phlegmon, abscesses, and mesenteric lymphadenopathy.
MR fluoroscopy can also be performed to assess stricture and obstruction. Recently, work has been done on perfusion MRI and parameters to assess for recurrent inflammation and fibrosis, respectively. Although there is not enough evidence to suggest that MRI can reliably identify early mucosal ulcers, a recent review has highlighted the value of high-resolution MRI in the detection of early ulceration [11] . The sensitivity and specificity values of MRI for the detection of Crohn disease have been reported in scientific studies to range from 88% to 98% and from 78% to 100%, respectively [12] [13] [14] [15] .
MR enterography examinations combine the spatial and temporal resolution of MRI with large volumes of ingested oral contrast material to obtain luminal distention. The oral intake of contrast medium obviates nasojejunal intubation, and although the enterographic technique may be less discomfiting for the patient, it may not produce similar distention of the bowel as can be obtained by an MR enteroclysis examination. However, studies have shown that an MR enterography examination can provide diagnostic accuracy similar to that obtained with an MR enteroclysis examination [16, 17] .
The MR enterography examination may be associated with greater patient tolerance and acceptability than enteroclysis examinations and has the potential to become an important imaging technique in the diagnostic workup of patients with suspected small-bowel disease. Investigators have reported excellent patient tolerance of the MR enterography technique and high sensitivity and specificity in a subgroup of pediatric patients with Crohn disease [18] [19] [20] .
Technique
A combination of good bowel distention and ultrafast MRI sequences is required to obtain diagnostic small-bowel images. Several enteral contrast agents have been described including water; methylcellulose; or solutions containing locust bean gum, mannitol, or polyethylene glycol [21] . These agents work by retarding the resorption of water in the intestine. Continuous, steady ingestion of the oral contrast material over a period of minutes can produce homogeneous opacification of the entire small-bowel lumen.
Our specific protocol for MR enterography requires that the patient fast for 6 hours before the procedure. Fasting decreases the amount of food residue and debris in the intestinal lumen that can be mistaken for mass lesions or polyps. Unless contraindicated, patients also follow a low-residue diet for the preceding 5 days. A low-residue diet promotes reduction of fecal matter in the colon, which facilitates transit of the small-bowel contrast agent because fecal material can delay transit times in the small bowel.
On arrival to the department, the patient ingests 1200-1300 mL of an isoosmotic solution of water mixed with polyethylene glycol and electrolytes (Klean-Prep, Helsinn) or of water mixed with mannitol to produce a 3% solution. The oral contrast material is divided in two aliquots of 600-650 mL each, and the patient drinks one aliquot every 25-30 minutes. Ingesting the contrast solution over the allocated time period is of paramount importance because delayed ingestion can result in most of the contrast filling the colon, whereas reduced ingestion of the contrast agent can lead to suboptimal small-bowel distention. The ingestion of two aliquots of oral contrast solution over a prolonged period (50-60 minutes) promotes uniform and consistent filling of the proximal and distal small bowel. An oral suspension that contains 10 mg of metoclopramide is given with the first aliquot to promote gastric emptying. Just before imaging, patients are asked to drink another 200 mL of contrast material to opacify the stomach and duodenum.
After completion of the oral phase, patients are imaged using a thick-slab (50-mm) HASTE sequence (Fig. 1 ). This provides a single-shot image of opacified small bowel that helps determine whether the oral contrast agent has reached the ileocecal junction. Once the contrast material reaches the ileocecal junction, an IV injection of 1 mg of glucagon is administered to minimize bowel peristalsis. If bowel obstruction is observed on thickslab HASTE images, MR fluoroscopy of the 
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affected segment may be performed to assess for inflammatory adhesions or strictures before injection of antiperistaltic drugs.
Imaging of the distended bowel is performed using ultrafast MR sequences based on steady-state precession. Different vendors term these sequences as true fast imaging with steady-state precession (FISP), balanced fast field-echo, or fast imaging employing steady-state precession. These sequences are relatively insensitive to motion artifacts and provide high contrast between the bowel wall, lumen, and mesentery. The main disadvantage of these sequences is a black boundary artifact along the bowel wall that may mask small lesions or abnormalities; however, fat suppression helps in reducing the effects of this artifact (Figs. 2 and 3) . The major advantage of the ultrafast MRI sequences is the ability to acquire abdominal images within a single breath-hold.
T2-weighted sequences based on RARE are also used. These sequences are termed "HASTE," or "single-shot fast spin-echo," and they produce high contrast between the lumen and the bowel wall and may enable visualization of ulcers, mural edema, and collections with greater facility. These sequences do not suffer from the black boundary artifact, although they are susceptible to motion artifacts produced by flow void.
Either 2D or 3D spoiled gradient-echo T1-weighted sequences are used to acquire contrast-enhanced images. Contrast-enhanced sequences using 2D and 3D FLASH or volumetric sequences, such as volumetric interpolated breath-hold examination, are then performed to assess the enhancement pattern of the bowel (Fig. 4) . At our institution, we also obtain high-resolution images with contiguous thin sections (2-3 mm thick) with a small field of view (160-250 mm), which provides high-quality multiplanar images [11] . The imaging plane in these sequences is aligned parallel to the bowel segments to allow detailed visualization of mucosal irregularities and is aligned perpendicular to the bowel to provide accurate visualization of transmural ulcers, fistulas, sinus tracts, and periintestinal abnormalities. MR fluoroscopy is performed as needed with cine true FISP sequences and a frame rate of 0.5-2 sections per second along the long axis of the affected segments.
Pitfalls
Although MR enterography may be more palatable to patients rather than intubation, suboptimal distention of bowel loops can be encountered more commonly. Early mural changes of Crohn disease may be overlooked in areas of collapsed bowel segments. Partial strictures may also not be identified because of inadequate distention of the bowel. Artifacts due to peristalsis or flow voids are more prominent on HASTE sequences (Fig. 5) . Intraluminal food debris may simulate filling defects or polyps; a low-residue diet and fasting before examination help in reducing these artifacts. Previous surgery, particularly stricturoplasty, may mimic tumors with a shouldered margin or fibrotic strictures. Observation of these segments in all three planes helps in distinguishing stricturoplasties from tumors because stricturoplasties typically have a lobulated or bi-or trifoliate appearance.
Conclusion
The advantages of MRI include its high sensitivity in the diagnosis of Crohn disease and its important role in the assessment of inflammatory activity. Its ability to distinguish fibrotic from inflammatory strictures and its high sensitivity for detecting abscesses and fistulas are the other advantages of MRI that can help in guiding treatment of patients. Its nonionizing nature is also a particular advantage in patients who undergo repeated imaging investigations. 
